




Appendix A (Data for Chapter 2) 



















































Figure 2 TGA trace for Gd2(OH)5NO3·1.5H2O showing mass losses of 5.57 % below 170 ºC and further 



















































































































































































Figure 5 TGA trace for Tb2(OH)5NO3·1.5H2O showing mass losses of 5.20 % below 170 ºC and further 






Figure 6 FTIR spectrum of Tb2(OH)5NO3·1.5H2O showing bands due to uncoordinated NO3
-
 anions (1370 
cm
-1








































































































































































































































Figure 8 TGA trace for Dy2(OH)5NO3·1.5H2O showing mass losses of 4.95 % below 150 ºC and further 













































































































































































































































































Figure 11 TGA trace for Ho2(OH)5NO3·1.5H2O showing mass losses of 5.34 % below 170 ºC and further 















































































































































































































































Figure 14 TGA trace for Er2(OH)5NO3·1.5H2O showing mass losses of 4.35 % below 150 ºC and further 
























































































































































































































Figure 17 TGA trace for Tm2(OH)5NO3·1.5H2O showing mass losses of 4.84 % below 170 ºC and further 






















































































































































































Figure 19 Powder X-ray diffraction pattern of Yb2(OH)5NO3·1.5H2O.  
























































































Characterising data for Anion Exchange Derivatives of 
Ln2(OH)5NO3·1.5H2O (Ln = Tb – Tm) 


























Figure 21 Powder X-ray diffraction patterns of: 































































Figure 23 Plot of interlayer separation against number of CH2 groups, n, in the aliphatic chain of some 
dicarboxylate intercalates, Tb2(OH)5(OOC(CH2)nCOO)0.5·xH2O. The gradient of the line is 1.25 Å/C atom 
































































































































Figure 24 Powder X-ray diffraction patterns of:  
(a) Dy2(OH)5NO3·1.5H2O,  
(b) Dy 2(OH)5(o-C8H4O4)0.5·1.5H2O,  
(c) Dy2(OH)5(C8H12O4)0.5·1.5H2O and  





























































Figure 26 Plot of interlayer separation against number of CH2 groups, n, in the aliphatic chain of some 
dicarboxylate intercalates, Dy2(OH)5(OOC(CH2)nCOO)0.5·xH2O. The gradient of the line is 1.14 Å/C atom 





























































































































































Figure 27 Powder X-ray diffraction patterns of: 

































Figure 28 Plot of interlayer separation against number of CH2 groups, n, in the aliphatic chain of some 
dicarboxylate intercalates, Ho2(OH)5(OOC(CH2)nCOO)0.5·xH2O. The gradient of the line is 1.13 Å/C atom 











































































































































Figure 29 Powder XRD diffraction patterns of: (a) Er2(OH)5NO3·1.5H2O, 
(b) Er2(OH)5(p-C6H4(CO2)2)0.5·1.5H2O, 
(c) Er2(OH)5(C8H12O4)0.5·1.5H2O and 

































Figure 31 FTIR spectrum of Er2(OH)5(C8H4O4)0.5·1.5H2O showing bands due to the carbonyl stretch of 
uncoordinated terephthalate anions (1560and 1400 cm
-1





Figure 32 FTIR spectrum of Er2(OH)5(C5H6O4)0.5·1.5H2O showing bands due to the carbonyl stretch of 
uncoordinated glutarate anions (1560 and 1400 cm
-1
































































































































































































































































































































Figure 33 FTIR spectrum of Er2(OH)5(C8H12O4)0.5·1.5H2O showing bands due to the carbonyl stretch of 
uncoordinated suberate anions (1560 and 1400 cm
-1
) and OH/H2O (approx. 3500 cm
-1







































































































































































































































































































































Figure 34 Powder X-ray diffraction patterns of: 
(a) Tm2(OH)5(C4H4O4)0.5·1.5H2O, 
































Figure 35 Plot of interlayer separation against number of CH2 groups, n, in the aliphatic chain of some 
dicarboxylate intercalates, Tm2(OH)5(OOC(CH2)nCOO)0.5·xH2O. The gradient of the line is 0.97 Å/C atom 





















































































































Table 6 Atomic coordinates ( x 10
4





) for Yb2(OH)5Cl·1.5H2O – 8.0 Å phase. U(eq) is defined as one third of the 
trace of the orthogonalized Uij tensor. 
_______________________________________________________________________
_________ 
 x y z U(eq) 
________________________________________________________________________________ 
O(1) 4479(10) 2978(6) -1657(9) 11(1) 
O(2) 2152(10) 3534(5) 639(9) 11(1) 
O(3) 5238(10) 2207(6) 1159(8) 11(1) 
O(4) 8196(10) 3559(6) 904(9) 10(1) 
O(5) 10547(9) 1569(5) 1308(8) 8(1) 
O(6) 9101(10) 2830(5) -1875(9) 10(1) 
O(7) 12552(10) 5198(5) -1191(9) 10(1) 
O(8) 6615(10) 5175(6) -1028(8) 10(1) 
O(9) 10557(10) 5647(6) 1387(9) 11(1) 
O(10) 5324(10) 5806(5) 1691(8) 8(1) 
O(1W) 5720(10) 3917(5) 3646(9) 12(1) 
O(2W) 8807(10) 6615(6) 3755(8) 14(1) 
O(3W) 8800(11) 4813(6) -3814(9) 17(2) 
Cl(1) 6384(4) 1487(2) -5132(3) 26(1) 
Cl(2) 1644(4) 3682(2) 4406(3) 18(1) 
Yb(1) 7758(1) 6834(1) 719(1) 8(1) 
Yb(2) 9630(1) 4565(1) -887(1) 8(1) 
Yb(3) 5079(1) 4155(1) 533(1) 8(1) 






Table 7 Bond lengths (Å) and angles (°) for Yb2(OH)5Cl·1.5H2O – 8.0 Å phase. 
_____________________________________________________ 
O(1)-Yb(3)  2.290(7) 
O(1)-Yb(1)#1  2.409(7) 
O(1)-Yb(4)  2.472(7) 
O(2)-Yb(3)  2.222(7) 
O(2)-Yb(2)#2  2.276(7) 
O(2)-Yb(1)#1  2.418(7) 
O(3)-Yb(4)  2.260(7) 
O(3)-Yb(1)#1  2.297(7) 
O(3)-Yb(3)  2.490(7) 
O(4)-Yb(3)  2.252(7) 
O(4)-Yb(2)  2.377(7) 
O(4)-Yb(4)  2.377(7) 
O(5)-Yb(4)  2.296(6) 
O(5)-Yb(1)#3  2.340(6) 
O(5)-Yb(2)#3  2.531(7) 
O(6)-Yb(2)  2.316(7) 
O(6)-Yb(4)  2.319(7) 
O(6)-Yb(1)#3  2.486(7) 
O(7)-Yb(2)  2.278(7) 
O(7)-Yb(3)#4  2.348(7) 
O(7)-Yb(4)#5  2.433(7) 
O(8)-Yb(2)  2.224(7) 
O(8)-Yb(3)  2.292(7) 
O(8)-Yb(1)  2.535(7) 
O(9)-Yb(2)  2.271(7) 
O(9)-Yb(1)  2.404(7) 
O(9)-Yb(4)#5  2.406(7) 
O(10)-Yb(3)  2.267(7) 
O(10)-Yb(4)#6  2.328(7) 
O(10)-Yb(1)  2.448(7) 
O(1W)-Yb(3)  2.521(7) 
O(2W)-Yb(1)  2.443(7) 
O(3W)-Yb(2)  2.363(7) 
Yb(1)-O(3)#6  2.297(7) 
Yb(1)-O(5)#5  2.340(6) 
Yb(1)-O(1)#6  2.409(7) 
Yb(1)-O(2)#6  2.418(7) 
Yb(1)-O(6)#5  2.486(7) 
Yb(1)-Yb(4)#5  3.5053(7) 
Yb(1)-Yb(3)#6  3.5151(6) 
Yb(1)-Yb(2)  3.5424(7) 
Yb(2)-O(2)#4  2.276(7) 
Yb(2)-O(5)#5  2.531(7) 
Yb(2)-Yb(4)#5  3.5314(6) 
Yb(2)-Yb(3)#4  3.7175(6) 
Yb(2)-Yb(3)  3.7362(6) 
Yb(3)-O(7)#2  2.348(7) 
Yb(3)-Yb(4)  3.4832(6) 
Yb(3)-Yb(1)#1  3.5151(6) 
Yb(3)-Yb(2)#2  3.7175(6) 
Yb(4)-O(10)#1  2.328(7) 
Yb(4)-O(9)#3  2.406(7) 
Yb(4)-O(7)#3  2.433(7) 
Yb(4)-Yb(1)#3  3.5053(7) 
Yb(4)-Yb(2)#3  3.5314(6) 

































































































































































































































































































































equivalent atoms:  
#1 -x+1,y-1/2,-z    #2 x-1,y,z    #3 -x+2,y-1/2,-z  










) for Yb2(OH)5Cl·1.5H2O – 8.0 Å 








 + ... 





 U11 U22 U33 U23 U13 U12 
______________________________________________________________________________ 
O(1) 11(3)  8(3) 15(3)  -2(2) 6(2)  0(2) 
O(2) 9(3)  8(3) 15(3)  4(2) 2(2)  -1(2) 
O(3) 9(3)  9(3) 15(3)  -2(2) 4(2)  1(2) 
O(4) 9(3)  8(3) 13(3)  -1(2) 7(2)  -1(2) 
O(5) 6(2)  7(3) 8(3)  3(2) -1(2)  -1(2) 
O(6) 10(3)  7(3) 13(3)  5(2) 3(2)  0(2) 
O(7) 6(3)  12(3) 12(3)  -1(2) 4(2)  2(2) 
O(8) 10(3)  8(3) 12(3)  5(2) 3(2)  -2(2) 
O(9) 7(3)  13(3) 15(3)  -2(2) 7(2)  3(2) 
O(10) 8(3)  8(3) 8(3)  -1(2) 2(2)  -1(2) 
O(1W) 10(3)  11(3) 12(3)  2(2) -2(2)  0(2) 
O(2W) 10(3)  16(3) 17(3)  1(2) 6(2)  4(2) 
O(3W) 19(3)  14(3) 18(3)  -4(2) 5(2)  -3(2) 
Cl(1) 26(1)  28(1) 20(1)  4(1) 2(1)  -2(1) 
Cl(2) 15(1)  24(1) 17(1)  3(1) 5(1)  1(1) 
Yb(1) 5(1)  8(1) 12(1)  0(1) 3(1)  1(1) 
Yb(2) 5(1)  7(1) 13(1)  0(1) 3(1)  0(1) 
Yb(3) 5(1)  7(1) 12(1)  0(1) 3(1)  0(1) 



















) for Yb2(OH)5Cl·1.5H2O – 8.4 Å phase. U(eq) is defined as one third of the 
trace of the orthogonalized Uij tensor. 
________________________________________________________________________________ 
 x y z U(eq) 
________________________________________________________________________________ 
O(1) 11326(6) 6479(9) 520(30) 13(1) 
O(2) 12177(6) 3887(9) 560(40) 11(2) 
O(3) 10837(15) 4035(19) 3400(20) 15(3) 
O(4) 10842(13) 4276(17) -2560(19) 7(2) 
O(1W) 10548(8) 1497(12) 790(20) 21(3) 
O(5) 8528(7) 3245(11) 236(18) 14(2) 
O(2W) 7390(30) 1370(20) 2980(60) 16(4) 
Yb(1) 10216(1) 4318(1) 471(2) 9(1) 
Yb(2) 7502(2) 4437(1) 2971(2) 18(1) 






Table 10 Bond lengths (Å) and angles (°) for Yb2(OH)5Cl·1.5H2O – 8.4 Å phase. 
_____________________________________________________ 
O(1)-Yb(1)  2.284(8) 
O(1)-Yb(2)#1  2.393(18) 
O(1)-Yb(2)#2  2.445(19) 
O(2)-Yb(2)#1  2.24(2) 
O(2)-Yb(2)#2  2.34(2) 
O(2)-Yb(1)  2.481(8) 
O(3)-Yb(1)  2.215(17) 
O(3)-Yb(1)#3  2.404(17) 
O(3)-Yb(2)#1  2.465(18) 
O(4)-Yb(1)#2  2.251(14) 
O(4)-Yb(1)  2.274(14) 
O(4)-Yb(2)#2  2.367(16) 
O(1W)-Yb(1)  2.415(10) 
O(5)-Yb(2)#4  2.282(12) 
O(5)-Yb(1)  2.302(9) 
O(5)-Yb(2)  2.522(11) 
O(2W)-Yb(2)  2.579(17) 
Yb(1)-O(4)#3  2.251(14) 
Yb(1)-O(3)#2  2.404(17) 
Yb(2)-O(2)#5  2.24(2) 
Yb(2)-O(5)#6  2.282(12) 
Yb(2)-O(2)#3  2.34(2) 
Yb(2)-O(4)#3  2.367(16) 
Yb(2)-O(1)#5  2.393(18) 
Yb(2)-O(1)#3  2.445(19) 
































































































































































Symmetry transformations used to generate 
equivalent atoms:  
#1 x+1/2,-y+1,z    #2 -x+2,-y+1,z-1/2    #3 -
x+2,-y+1,z+1/2  








) for Yb2(OH)5Cl·1.5H2O – 8.4 














 U11 U22 U33 U23 U13 U12 
______________________________________________________________________________ 
O(1) 9(3)  16(3) 12(3)  -3(4) -1(4)  2(2) 
O(2) 10(3)  12(3) 12(3)  1(4) 2(4)  -1(2) 
O(3) 14(4)  19(5) 13(4)  -5(3) 1(4)  2(4) 
O(4) 6(4)  14(4) 2(4)  0(3) 1(3)  3(3) 
O(1W) 19(3)  19(3) 23(5)  -1(3) 2(3)  0(3) 
O(5) 8(3)  14(3) 21(5)  -5(3) 3(3)  0(3) 
O(2W) 16(7)  18(5) 14(5)  -1(5) 0(4)  0(5) 
Yb(1) 7(1)  12(1) 7(1)  4(1) -2(1)  0(1) 
Yb(2) 7(1)  43(1) 5(1)  -2(1) 0(1)  -3(1) 






















Data for Yb2(OH)5Cl.1.5H2O Polymorphs 
 
General details on the structural refinements of the Yb2(OH)5Cl·1.5H2O polymorphs: 
 
Both of these structures are pseudo-centrosymmetric. In each case the Yb cations adopt 
a centrosymmetric array but the lighter atoms (oxygen and chlorine) do not. The 8 Å 
phase cannot be solved in the centrosymmetric space group P21/m, but the 8.4 Å phase 
can solved in Pcam (addition of a mirror plane to Pca21 and hence a centre of symmetry 
generates Pcam, a non-standard setting of Pbcm, space group no. 57). However, the 
additional mirror plane causes problems with the structure: there is excessively close 
approach of symmetry equivalent chloride ions; O1w is located on the mirror plane but 
has a large and physically unrealistic displacement parameter. The space group Pca21 
was therefore retained.  
 
Hydrogen atoms: 
Final difference Fourier maps have small peaks (ie not the largest peaks) which might be 
interpreted as the hydrogen atoms of hydroxide. The scattering of X-rays by these 
phases is dominated by the Yb/O layer and we have chosen to employ a final model 
without hydrogen atoms as these have a very small contribution to the scattering. It 
would be possible to add hydrogen atoms for the hydroxide at geometrically calculated 
positions but those for water create more of a problem. The hydrogen-bonding present is 
still readily apparent: short Cl...O distances are indicative of Cl...H-O interaction. 
Adding hydrogen atoms to the model and refining their positions is not physically 
justifiable because of difference in X-ray scattering lengths of Yb and H, despite the 
excellent quality of the data available (Rint = 0.0328 and 0.0390). Neutron diffraction 








Appendix B (Data for Chapter 3) 
Data for Phase 2 (Yb2(OH)5NO3·2H2O, d = 9.4 Å) 
 
Table 12 Atomic coordinates ( x 10
4









 x y z U(eq) 
Yb(1) 5000 2229(1) 7500 30(1) 
O(1) 2380(50) 3065(15) 7500 106(10) 
O(2) 1160(100) 2080(30) 7500 32(13) 























Table 13 Bond lengths (Å) and angles (°) for Phase 2. 
 
_____________________________________________________ 
Yb(1)-O(1)#1  2.21(3) 
Yb(1)-O(1)  2.21(3) 
Yb(1)-O(3)  2.30(3) 
Yb(1)-O(2)  2.32(6) 
Yb(1)-O(2)#1  2.32(6) 
Yb(1)-O(2)#2  2.38(4) 
Yb(1)-O(2)#3  2.38(4) 
Yb(1)-O(2)#4  2.38(4) 
Yb(1)-O(2)#5  2.38(4) 
Yb(1)-O(1)#5  2.42(2) 
Yb(1)-O(1)#2  2.42(2) 
Yb(1)-O(1)#4  2.42(2) 
O(1)-Yb(1)#5  2.42(2) 
O(1)-Yb(1)#3  2.42(2) 
O(2)-O(2)#6  1.39(12) 
O(2)-Yb(1)#3  2.38(4) 


















































































Symmetry transformations used to generate equivalent atoms:  
#1 -x+1,y,z    #2 x+1/2,-y+1/2,-z+2    #3 -x+1/2,-y+1/2,-z+2  



































) for Phase 2. The anisotropic 

























Yb(1) 13(1) 57(1) 21(1) 0 0 0 
O(1) 80(20) 81(17) 150(30) 0 0 16(17) 
O(2) 28(15) 30(16) 37(15) 0 0 -2(9) 
O(3) 33(12) 80(20) 46(14) 0 0 0 
 
As would be expected chemically, the displacement parameter of the Yb is somewhat 
less than the lighter oxygen atoms. There is some disorder in the coordination about Yb 
with one hydroxide site being partially occupied. This was suggested both by charge 
balancing considerations and inspection of the displacement parameters. It was not 
possible to locate any guest species between the layers. It is expected that disordered 
nitrate occupies this space. This gives rise to the follow alerts.  
 
PLAT242_ALERT_2_B Check Low       Ueq as Compared to Neighbors for   Yb1 
      
PLAT220_ALERT_2_C Large Non-Solvent    O     Ueq(max)/Ueq(min) .3.25 Ratio 
 
PLAT301_ALERT_3_C Main Residue  Disorder .....................8.00 Perc. 
 














Data for Phase 3 (Yb2(OH)5NO3·H2O, d = 8.5 Å) 
 
Table 15 Atomic coordinates ( x 10
4









 x y z U(eq) 
Yb(1) 2348(1) 8124(3) 7127(4) 13(1) 
O(1) -309(15) 2810(120) 4720(110) 49(5) 
O(2) -313(18) 2270(130) -830(110) 49(5) 
O(3) 871(10) 2430(60) 2200(60) 37(8) 
Yb(2) 153(1) 2510(3) 1863(4) 13(1) 
O(4) 2812(15) 8370(130) 10150(90) 49(5) 
O(5) 2787(18) 7660(130) 4300(130) 49(5) 




















Table 16 Bond lengths (Å) and angles (°) for Phase 3. 
_____________________________________________________ 
Yb(1)-O(5)#1  2.18(6) 
Yb(1)-O(4)#2  2.19(5) 
Yb(1)-O(5)  2.25(7) 
Yb(1)-O(4)#3  2.35(5) 
Yb(1)-O(4)  2.39(5) 
Yb(1)-O(5)#4  2.46(5) 
Yb(1)-O(6)  2.47(3) 
O(1)-Yb(2)#5  2.22(6) 
O(1)-Yb(2)  2.31(6) 
O(1)-Yb(2)#6  2.41(5) 
O(2)-Yb(2)  2.25(7) 
O(2)-Yb(2)#7  2.31(5) 
O(2)-Yb(2)#8  2.44(6) 
O(3)-Yb(2)  2.44(4) 
Yb(2)-O(1)#8  2.22(6) 
Yb(2)-O(2)#6  2.31(5) 
Yb(2)-O(1)#7  2.41(5) 
Yb(2)-O(2)#5  2.44(6) 
O(4)-Yb(1)#1  2.19(5) 
O(4)-Yb(1)#4  2.35(5) 
O(5)-Yb(1)#2  2.18(6) 


























































































































































Symmetry transformations used to generate equivalent atoms:  
#1 -x+1/2,y+1/2,z+1/2    #2 -x+1/2,y-1/2,z-1/2  
#3 -x+1/2,y+1/2,z-1/2    #4 -x+1/2,y-1/2,z+1/2  
#5 -x,-y+1,z+1/2    #6 -x,-y,z+1/2    #7 -x,-y,z-1/2  
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) for Phase 3. The anisotropic 

























Yb(1) 23(1) 8(1) 10(1) 1(1) 0(1) 0(1) 
Yb(2) 23(1) 8(1) 10(1) 1(1) 0(1) 0(1) 
 
The structure may be solved in either Pnam or Pna21. The former centrosymmetric space 
group is generated from the latter by addition of a mirror plane. The effect on the 
structure of this is to impose a strict mirror plane bisecting each Yb coordination 
polyhedron.  
 
In Pnam, final residuals are R1 = 0.1392 and wR(F
2




In Pna21, final residuals are R1 = 0.0846 and wR(F
2





The fit is Pna21 which allows for distortion of the polyhedra is considerably better. The 
structure is pseudo-centrosymmetric. This will be best resolved by a neutron diffraction 
study. (Underway) 
 
PLAT112_ALERT_2_A ADDSYM Detects Additional (Pseudo) Symm. Elem...          m      
PLAT113_ALERT_2_A ADDSYM Suggests Possible Pseudo/New Space-group.       
Pnma      
PLAT111_ALERT_2_B ADDSYM Detects (Pseudo) Centre of Symmetry .....        100 
PerFi 
 
The structure is pseudo-centrosymmetric. Friedel opposites were merged for the 
refinement. 
PLAT032_ALERT_4_C Std. Uncertainty in Flack Parameter too High ...       0.30      
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Crystal data was a limiting factor in this sample, hence the somewhat large R1 and R(F
2
) 
values. Max and min residual electron density are not excessively large and are 
considerably better than in the centrosymmetric case.  The appropriate sites have been 
identified within the cif.  
 
PLAT084_ALERT_2_C High R2 Value ..................................       0.26       
RFACR01_ALERT_3_C  The value of the weighted R factor is > 0.25 
            Weighted R factor given   0.259 
 
DIFMN02_ALERT_2_B  The minimum difference density is < -0.1*ZMAX*1.00 
            _refine_diff_density_min given =     -9.101 
            Test value =     -7.000 
DIFMX01_ALERT_2_B  The maximum difference density is > 0.1*ZMAX*1.00 
            _refine_diff_density_max given =     11.088 
            Test value =      7.000 
PLAT097_ALERT_2_B Maximum (Positive) Residual Density ............      11.09 e/A** 
PLAT098_ALERT_2_B Minimum (Negative) Residual Density ............      -9.10 e/A** 
 
DIFMN03_ALERT_1_C  The minimum difference density is < -0.1*ZMAX*0.75 
            The relevant atom site should be identified. 
DIFMX02_ALERT_1_C  The maximum difference density is > 0.1*ZMAX*0.75 
            The relevant atom site should be identified. 
 
It is completely expected that the displacement parameters for the Yb atoms would be 
small than those of the much lighter oxygen atoms. Inspection of the ORTEP plot 
reveals no significant problem. 
 
PLAT242_ALERT_2_C Check Low       Ueq as Compared to Neighbors for        Yb1      
PLAT242_ALERT_2_B Check Low       Ueq as Compared to Neighbors for        Yb2      
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Data for Phase 4 (Yb4O(OH)9NO3, d = 9.4 Å) 
 
Table 18 Bond lengths (Å) for Phase 4. 
 
  Yb1       Yb1             3.55823(7)         
  Yb1       Yb1             3.55823(7)        
  Yb1       Yb2               3.911(8)        
  Yb1       Yb2               3.831(8)        
  Yb1       Yb3               3.583(4)        
  Yb1       Yb4               3.726(8)        
  Yb1       Yb4               3.608(8)       
  Yb1       O1               2.572(27)   
  Yb1       O2               2.172(16)   
  Yb1       O4                 2.52(4)   
  Yb1       O4                 2.60(4)   
  Yb1       O9               2.432(24)   
  Yb1       O9               2.397(23)   
  Yb1       O10              2.355(17)   
  Yb2       Yb1               3.911(8)   
  Yb2       Yb1               3.831(8)   
  Yb2       Yb2             3.55823(7)   
  Yb2       Yb2             3.55823(7)   
  Yb2       Yb3               3.895(8)   
  Yb2       Yb3               3.789(9)   
  Yb2       Yb4              3.955(10)   
  Yb2       Yb4               3.810(8)   
  Yb2       O5               2.446(23)   
  Yb2       O5               2.484(23)   
  Yb2       O6               2.346(23)   
  Yb2       O6               2.366(24)   
  Yb2       O7               2.467(20)   
  Yb2       O8               2.492(19)   
  Yb2       O9               2.517(19)   
  Yb2       O10              2.354(24)   
  Yb2       O10              2.332(23)   
  Yb3       Yb1               3.583(4)   
  Yb3       Yb2               3.789(9)   
  Yb3       Yb2               3.895(8)   
  Yb3       Yb3             3.55823(7)   
  Yb3       Yb3             3.55823(7)   
  Yb3       Yb4               3.652(6)   
  Yb3       Yb4               3.595(8)   
  Yb3       O1               2.479(20)   
  Yb3       O2               2.220(20)   
  Yb3       O3               2.439(23)   
  Yb3       O3               2.464(23)   
  Yb3       O6               2.298(18)   
  Yb3       O7               2.366(23)   
  Yb3       O7               2.370(22)   
  Yb4       Yb1               3.608(8)   
  Yb4       Yb1               3.726(8)   
  Yb4       Yb2               3.810(8)   
  Yb4       Yb2              3.955(10)   
  Yb4       Yb3               3.595(8)   
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  Yb4       Yb3               3.652(6)   
  Yb4       Yb4             3.55823(7)   
  Yb4       Yb4             3.55823(7)   
  Yb4       O2               2.238(23)   
  Yb4       O2               2.244(23)   
  Yb4       O3               2.483(18)   
  Yb4       O4               2.530(20)   
  Yb4       O5               2.313(17)   
  Yb4       O8                 2.32(4)   
  Yb4       O8               2.428(26)   
  O1        Yb1              2.572(27)   
  O1        Yb3              2.479(20)   
  O2        Yb1              2.172(16)   
  O2        Yb3              2.220(20)   
  O2        Yb4              2.244(23)   
  O2        Yb4              2.238(23)   
  O3        Yb3              2.464(23)   
  O3        Yb3              2.439(23)   
  O3        Yb4              2.483(18)   
  O4        Yb1                2.60(4)   
  O4        Yb1                2.52(4)   
  O4        Yb4              2.530(20)   
  O5        Yb2              2.484(23)   
  O5        Yb2              2.446(23)   
  O5        Yb4              2.313(17)   
  O6        Yb2              2.366(24)   
  O6        Yb2              2.346(23)   
  O6        Yb3              2.298(18)   
  O7        Yb2              2.467(20)   
  O7        Yb3              2.370(22)   
  O7        Yb3              2.366(23)   
  O8        Yb2              2.492(19)   
  O8        Yb4              2.428(26)   
  O8        Yb4                2.32(4)   
  O9        Yb1              2.432(24)   
  O9        Yb1              2.397(23)   
  O9        Yb2              2.517(19)   
  O10       Yb1              2.355(17)   
  O10       Yb2              2.332(23)   
  O10       Yb2              2.354(24)   
  O11       O13             2.12053(8)   
  O11       O14           1.021050(20)   
  O11       N1            1.283710(20)   
  O12       O13           2.058880(30)   
  O12       O14           1.762210(20)   
  O12       N1            1.282430(20)   
  O13       O11             2.12053(8)   
  O13       O12           2.058880(30)   
  O13       O14             2.16827(8)   
  O13       N1              1.17250(4)   
  O14       O11           1.021050(20)   
  O14       O12           1.762210(20)   
  O14       O13             2.16827(8)   
  O14       N1            1.113310(30)   
  N1        O11           1.283710(20)   
  N1        O12           1.282430(20)   
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  N1        O13             1.17250(4)   
  N1        O14           1.113310(30)   
 
Table 19 Bond angles (º) for Phase 4. 
 
  Yb1       Yb1       Yb1                  180.0       
  Yb1       Yb1       Yb3              88.96(23)       
  Yb1       Yb1       Yb4              59.32(20)       
  Yb1       Yb1       Yb4             117.34(20)       
  Yb1       Yb1       O1                77.6(10)       
  Yb1       Yb1       O2                 86.9(8)       
  Yb1       Yb1       O4                47.0(10)       
  Yb1       Yb1       O4                134.9(9)       
  Yb1       Yb1       O9                 42.2(5)       
  Yb1       Yb1       O9                137.1(6)       
  Yb1       Yb1       O10                88.2(7)       
  Yb1       Yb1       Yb3              91.04(23)       
  Yb1       Yb1       Yb4             120.68(20)       
  Yb1       Yb1       Yb4              62.66(20)       
  Yb1       Yb1       O1               102.4(10)       
  Yb1       Yb1       O2                 93.1(8)       
  Yb1       Yb1       O4               133.0(10)       
  Yb1       Yb1       O4                 45.1(9)       
  Yb1       Yb1       O9                137.8(5)       
  Yb1       Yb1       O9                 42.9(6)       
  Yb1       Yb1       O10                91.8(7)       
  Yb3       Yb1       Yb4              59.91(11)       
  Yb3       Yb1       Yb4              60.00(12)       
  Yb3       Yb1       O1                 43.8(4)       
  Yb3       Yb1       O2                 35.8(5)       
  Yb3       Yb1       O4                101.6(5)       
  Yb3       Yb1       O4                102.6(5)       
  Yb3       Yb1       O9                 98.9(5)       
  Yb3       Yb1       O9                100.6(5)       
  Yb3       Yb1       O10               169.3(6)       
  Yb4       Yb1       Yb4               58.02(5)       
  Yb4       Yb1       O1                 90.2(7)       
  Yb4       Yb1       O2                 33.0(6)       
  Yb4       Yb1       O4                 42.6(4)       
  Yb4       Yb1       O4                 89.1(7)       
  Yb4       Yb1       O9                 99.4(6)       
  Yb4       Yb1       O9                157.3(5)       
  Yb4       Yb1       O10               126.5(6)       
  Yb4       Yb1       O1                102.4(5)       
  Yb4       Yb1       O2                 35.7(7)       
  Yb4       Yb1       O4                 85.0(7)       
  Yb4       Yb1       O4                 44.5(5)       
  Yb4       Yb1       O9                154.1(5)       
  Yb4       Yb1       O9                103.3(6)       
  Yb4       Yb1       O10               130.1(7)       
  O1        Yb1       O2                 78.0(7)       
  O1        Yb1       O4               118.0(13)       
  O1        Yb1       O4               138.4(10)       
  O1        Yb1       O9                 62.1(9)       
  O1        Yb1       O9                81.0(10)       
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  O1        Yb1       O10               125.5(7)       
  O2        Yb1       O4                 74.2(8)       
  O2        Yb1       O4                 79.1(8)       
  O2        Yb1       O9                118.4(9)       
  O2        Yb1       O9                124.3(8)       
  O2        Yb1       O10               154.1(8)       
  O4        Yb1       O4                 88.0(7)       
  O4        Yb1       O9                85.0(11)       
  O4        Yb1       O9                157.6(8)       
  O4        Yb1       O10                84.0(7)       
  O4        Yb1       O9                158.3(7)       
  O4        Yb1       O9                83.9(10)       
  O4        Yb1       O10                86.6(7)       
  O9        Yb1       O9                 94.9(7)       
  O9        Yb1       O10                72.3(8)       
  O9        Yb1       O10                74.7(8)       
  Yb2       Yb2       Yb2                  180.0       
  Yb2       Yb2       Yb3             116.06(22)       
  Yb2       Yb2       O5                 44.2(5)       
  Yb2       Yb2       O5                136.6(5)       
  Yb2       Yb2       O6                 41.2(6)       
  Yb2       Yb2       O6                139.3(5)       
  Yb2       Yb2       O7                 87.4(7)       
  Yb2       Yb2       O8                 88.1(9)       
  Yb2       Yb2       O9                 88.6(7)       
  Yb2       Yb2       O10                40.4(5)       
  Yb2       Yb2       O10               139.2(6)       
  Yb2       Yb2       Yb3              63.94(22)       
  Yb2       Yb2       O5                135.8(5)       
  Yb2       Yb2       O5                 43.4(5)       
  Yb2       Yb2       O6                138.8(6)       
  Yb2       Yb2       O6                 40.7(5)       
  Yb2       Yb2       O7                 92.6(7)       
  Yb2       Yb2       O8                 91.9(9)       
  Yb2       Yb2       O9                 91.4(7)       
  Yb2       Yb2       O10               139.6(5)       
  Yb2       Yb2       O10                40.8(6)       
  Yb3       Yb2       O5                104.7(5)       
  Yb3       Yb2       O5                 67.7(5)       
  Yb3       Yb2       O6                 80.9(6)       
  Yb3       Yb2       O6                 35.1(5)       
  Yb3       Yb2       O7                 37.4(6)       
  Yb3       Yb2       O8                138.7(9)       
  Yb3       Yb2       O9                 92.7(6)       
  Yb3       Yb2       O10               148.9(6)       
  Yb3       Yb2       O10               101.2(6)       
  O5        Yb2       O5                 92.4(6)       
  O5        Yb2       O6                 71.3(8)       
  O5        Yb2       O6                139.5(7)       
  O5        Yb2       O7                 67.3(7)       
  O5        Yb2       O8                 68.6(8)       
  O5        Yb2       O9                132.7(9)       
  O5        Yb2       O10                72.1(7)       
  O5        Yb2       O10               141.6(7)       
  O5        Yb2       O6                139.7(7)       
  O5        Yb2       O6                 70.3(8)       
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  O5        Yb2       O7                 71.6(7)       
  O5        Yb2       O8                71.8(10)       
  O5        Yb2       O9                134.7(9)       
  O5        Yb2       O10               142.1(7)       
  O5        Yb2       O10                71.8(7)       
  O6        Yb2       O6                 98.1(7)       
  O6        Yb2       O7                 68.1(8)       
  O6        Yb2       O8               129.3(10)       
  O6        Yb2       O9                 68.5(8)       
  O6        Yb2       O10                68.7(7)       
  O6        Yb2       O10               141.4(8)       
  O6        Yb2       O7                 72.5(8)       
  O6        Yb2       O8               132.7(10)       
  O6        Yb2       O9                 71.0(9)       
  O6        Yb2       O10               141.8(8)       
  O6        Yb2       O10                68.7(8)       
  O7        Yb2       O8                120.1(8)       
  O7        Yb2       O9                117.1(7)       
  O7        Yb2       O10               127.7(9)       
  O7        Yb2       O10               133.4(9)       
  O8        Yb2       O9                122.5(8)       
  O8        Yb2       O10               70.3(10)       
  O8        Yb2       O10                73.2(9)       
  O9        Yb2       O10                70.8(8)       
  O9        Yb2       O10                72.9(8)       
  O10       Yb2       O10                98.8(7)       
  Yb1       Yb3       Yb2             143.26(28)       
  Yb1       Yb3       Yb3              91.04(23)       
  Yb1       Yb3       Yb3              88.96(23)       
  Yb1       Yb3       Yb4              62.00(13)       
  Yb1       Yb3       Yb4              60.35(14)       
  Yb1       Yb3       O1                 45.9(6)       
  Yb1       Yb3       O2                 34.9(4)       
  Yb1       Yb3       O3                102.9(5)       
  Yb1       Yb3       O3                101.3(5)       
  Yb1       Yb3       O6                172.8(6)       
  Yb1       Yb3       O7                104.1(6)       
  Yb1       Yb3       O7                102.5(6)       
  Yb2       Yb3       Yb3              63.94(22)       
  Yb2       Yb3       Yb3             116.06(22)       
  Yb2       Yb3       Yb4             117.51(29)       
  Yb2       Yb3       Yb4             154.68(13)       
  Yb2       Yb3       O1                100.4(8)       
  Yb2       Yb3       O2                151.8(8)       
  Yb2       Yb3       O3                 78.0(5)       
  Yb2       Yb3       O3                115.4(5)       
  Yb2       Yb3       O6                 36.3(6)       
  Yb2       Yb3       O7                 39.3(5)       
  Yb2       Yb3       O7                 83.5(5)       
  Yb3       Yb3       Yb3                  180.0       
  Yb3       Yb3       Yb4              59.80(19)       
  Yb3       Yb3       Yb4             118.61(18)       
  Yb3       Yb3       O1                78.7(10)       
  Yb3       Yb3       O2                 88.6(7)       
  Yb3       Yb3       O3                 43.8(5)       
  Yb3       Yb3       O3                136.8(5)    
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  Yb3       Yb3       O6                 93.2(7)     
  Yb3       Yb3       O7                 41.3(5)      
  Yb3       Yb3       O7                138.7(5)      
  Yb3       Yb3       Yb4             120.20(19)      
  Yb3       Yb3       Yb4              61.39(18)       
  Yb3       Yb3       O1               101.3(10) 
  Yb3       Yb3       O2                 91.4(7)       
  Yb3       Yb3       O3                136.2(5)  
  Yb3       Yb3       O3                 43.2(5)       
  Yb3       Yb3       O6                 86.8(7)       
  Yb3       Yb3       O7                138.7(5)       
  Yb3       Yb3       O7                 41.3(5)       
  Yb4       Yb3       Yb4               58.81(4)    
  Yb4       Yb3       O1                 93.5(7)       
  Yb4       Yb3       O2                 35.3(6)       
  Yb4       Yb3       O3                 42.6(5)       
  Yb4       Yb3       O3                 89.8(5)       
  Yb4       Yb3       O6                125.2(6)       
  Yb4       Yb3       O7                100.3(5)       
  Yb4       Yb3       O7                158.9(5)       
  Yb4       Yb3       O1                104.8(8)       
  Yb4       Yb3       O2                 36.4(6)       
  Yb4       Yb3       O3                 88.1(5)       
  Yb4       Yb3       O3                 43.6(5)       
  Yb4       Yb3       O6                122.0(7)       
  Yb4       Yb3       O7                157.5(5)       
  Yb4       Yb3       O7                101.8(5)       
  O1        Yb3       O2                 79.2(7)       
  O1        Yb3       O3               117.3(11)       
  O1        Yb3       O3               137.4(11)       
  O1        Yb3       O6                129.6(8)       
  O1        Yb3       O7                65.7(10)       
  O1        Yb3       O7                83.3(10)       
  O2        Yb3       O3                 77.3(7)       
  O2        Yb3       O3                 79.4(8)       
  O2        Yb3       O6                150.9(7)       
  O2        Yb3       O7                121.6(8)       
  O2        Yb3       O7                124.1(8)       
  O3        Yb3       O3                 93.0(6)       
  O3        Yb3       O6                 84.1(8)       
  O3        Yb3       O7                 79.4(8)       
  O3        Yb3       O7                154.4(7)       
  O3        Yb3       O6                 79.5(8)       
  O3        Yb3       O7                154.5(7)       
  O3        Yb3       O7                 78.9(7)       
  O6        Yb3       O7                 75.5(8)       
  O6        Yb3       O7                 70.6(8)       
  O7        Yb3       O7                 97.4(6)       
  Yb1       Yb4       Yb1               58.02(5)       
  Yb1       Yb4       Yb3              59.65(14)       
  Yb1       Yb4       Yb3              87.14(13)       
  Yb1       Yb4       Yb4              62.66(20)       
  Yb1       Yb4       Yb4             117.34(20)       
  Yb1       Yb4       O2                 34.5(5)       
  Yb1       Yb4       O2                 84.6(5)      
  Yb1       Yb4       O3                100.2(5)       
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  Yb1       Yb4       O4                46.2(10)       
  Yb1       Yb4       O5                115.5(6)       
  Yb1       Yb4       O8                105.2(6)       
  Yb1       Yb4       O8                157.4(8)       
  Yb1       Yb4       Yb3              88.17(15)       
  Yb1       Yb4       Yb3              58.09(12)       
  Yb1       Yb4       Yb4             120.68(20)       
  Yb1       Yb4       Yb4              59.32(20)       
  Yb1       Yb4       O2                 87.7(5)       
  Yb1       Yb4       O2                 31.9(5)       
  Yb1       Yb4       O3                 98.2(5)       
  Yb1       Yb4       O4                 42.3(9)       
  Yb1       Yb4       O5                109.9(6)       
  Yb1       Yb4       O8                163.1(6)       
  Yb1       Yb4       O8                 99.5(8)       
  Yb3       Yb4       Yb3               58.81(4)       
  Yb3       Yb4       Yb4              61.39(18)       
  Yb3       Yb4       Yb4             118.61(18)       
  Yb3       Yb4       O2                 36.1(5)       
  Yb3       Yb4       O2                 87.3(6)       
  Yb3       Yb4       O3                 43.2(6)       
  Yb3       Yb4       O4                103.9(8)       
  Yb3       Yb4       O5                155.5(8)       
  Yb3       Yb4       O8                 80.3(6)       
  Yb3       Yb4       O8                122.7(5)       
  Yb3       Yb4       Yb4             120.20(19)       
  Yb3       Yb4       Yb4              59.80(19)       
  Yb3       Yb4       O2                 88.7(6)       
  Yb3       Yb4       O2                 34.9(5)       
  Yb3       Yb4       O3                 41.7(5)       
  Yb3       Yb4       O4                 99.6(8)       
  Yb3       Yb4       O5                144.9(8)       
  Yb3       Yb4       O8                123.4(5)       
  Yb3       Yb4       O8                 77.8(6)       
  Yb4       Yb4       Yb4                  180.0       
  Yb4       Yb4       O2                 37.5(5)       
  Yb4       Yb4       O2                142.6(5)       
  Yb4       Yb4       O3                 91.7(7)       
  Yb4       Yb4       O4                94.1(12)       
  Yb4       Yb4       O5                 94.6(8)       
  Yb4       Yb4       O8                 42.6(6)       
  Yb4       Yb4       O8                139.8(8)       
  Yb4       Yb4       O2                142.5(5)       
  Yb4       Yb4       O2                 37.4(5)       
  Yb4       Yb4       O3                 88.3(7)       
  Yb4       Yb4       O4                85.9(12)      
  Yb4       Yb4       O5                 85.4(8)     
  Yb4       Yb4       O8                137.4(6)       
  Yb4       Yb4       O8                 40.2(8)       
  O2        Yb4       O2                105.1(8)       
  O2        Yb4       O3                 78.7(8)       
  O2        Yb4       O4                79.5(12)       
  O2        Yb4       O5                125.4(9)       
  O2        Yb4       O8                 75.7(8)       
  O2        Yb4       O8                157.9(8)       
  O2        Yb4       O3                 75.9(8)       
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  O2        Yb4       O4                72.8(11)       
  O2        Yb4       O5                116.8(9)       
  O2        Yb4       O8                157.0(7)       
  O2        Yb4       O8                 73.3(9)       
  O3        Yb4       O4                135.3(7)       
  O3        Yb4       O5                142.5(7)       
  O3        Yb4       O8                 81.8(7)       
  O3        Yb4       O8                 79.6(8)       
  O4        Yb4       O5                 81.1(7)       
  O4        Yb4       O8               128.9(12)       
  O4        Yb4       O8               119.6(14)       
  O5        Yb4       O8                 78.2(8)       
  O5        Yb4       O8                 71.8(8)       
  O8        Yb4       O8                 97.2(9)       
  Yb1       O1        Yb3                90.3(8)       
  Yb1       O2        Yb3               109.3(8)       
  Yb1       O2        Yb4              115.1(10)       
  Yb1       O2        Yb4              109.8(10)       
  Yb3       O2        Yb4               109.8(9)       
  Yb3       O2        Yb4               107.5(9)       
  Yb4       O2        Yb4               105.1(8)       
  Yb3       O3        Yb3                93.0(6)       
  Yb3       O3        Yb4                93.2(8)       
  Yb3       O3        Yb4                95.8(8)       
  Yb1       O4        Yb1                88.0(7)       
  Yb1       O4        Yb4               89.3(12)       
  Yb1       O4        Yb4               95.1(10)       
  Yb2       O5        Yb2                92.4(6)       
  Yb2       O5        Yb4              105.1(10)       
  Yb2       O5        Yb4              112.4(10)       
  Yb2       O6        Yb2                98.1(7)       
  Yb2       O6        Yb3              108.6(10)       
  Yb2       O6        Yb3              114.0(10)       
  Yb2       O7        Yb3               107.2(9)       
  Yb2       O7        Yb3              103.2(10)       
  Yb3       O7        Yb3                97.4(6)       
  Yb2       O8        Yb4               107.0(9)       
  Yb2       O8        Yb4              104.8(12)       
  Yb4       O8        Yb4                97.2(9)       
  Yb1       O9        Yb1                94.9(7)       
  Yb1       O9        Yb2               104.4(9)       
  Yb1       O9        Yb2               102.4(9)       
  Yb1       O10       Yb2               109.6(9)       
  Yb1       O10       Yb2              112.3(10)       
  Yb2       O10       Yb2                98.8(7)       
  O14       O11       N1             56.3924(16)       
  O14       O12       N1             39.0405(11)       
  O11       O14       O12           105.9054(10)       
  O11       O14       N1             73.8048(15)       
  O12       O14       N1              46.5147(6)       
  O11       N1        O12           124.0092(14)       
  O11       N1        O13           119.3177(20)       
  O11       N1        O14            49.8028(22)       
  O12       N1        O13            113.9257(5)       
  O12       N1        O14             94.4448(7)       
  O13       N1        O14           143.0797(14)       
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Figure 37 Sharp-Hancock plot for the formation of phase 1. 
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Figure 39 Alpha vs time plot for reaction at 175 ºC. 
 











3 3.5 4 4.5 5 5.5 6 6.5
ln(-ln(1-alpha)





















3 3.5 4 4.5 5 5.5 6 6.5 7
ln(-ln(1-alpha)
































3 3.5 4 4.5 5 5.5
ln(-ln(1-alpha))












Figure 43 Sharp-Hancock plot for the formation of phase 1. 
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Figure 45 Alpha vs time plot for reaction at 210 ºC. 
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Figure 47 Sharp-Hancock plot for the formation of phase 3. 
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Figure 49 Alpha vs time plot for reaction at 220 ºC. 
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